INTRODUCTION
Understanding the different stages in the life cycle of endangered species allows us to design better measures for their conservation, especially when these species have cryptic life cycles, as do sea turtles. The early stage of most sea turtles, known as the 'lost years', is spent in oceanic waters of unknown location (Carr 1986 , Bolten 2003a . Finding the locations of oceanic-stage sea turtles has been the focus of several research studies, because we cannot protect turtles if we do not know where they are (Reich et al. 2007 , López-Castro et al. 2013 , Putman & Naro-Maciel 2013 .
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KEY WORDS: Scute thickness · Sea turtles · Biological markers
Resale or republication not permitted without written consent of the publisher son 2008 , López-Castro et al. 2013 . Scute layers can represent a long-term habitat and diet chronology that can be sampled from live turtles more easily than bone tissue can be.
One caveat in using scute is that, although the rate of deposition of new tissue has been estimated ( Vander Zanden et al. 2010 , 2012 , the rate of scute deposition has not been determined empirically and is not known for all size classes of all sea turtle species. Another caveat is that, similar to terrestrial and freshwater turtles, older scute layers on sea turtles slough away at an undetermined rate. This loss limits the temporal scope of the chronology, and probably varies among individuals. Since the work of Reich et al. (2007) , scute samples have been collected with 6 mm biopsy punches from the posterior margin of the second lateral scute in green turtles Chelonia mydas and from the third lateral scute in loggerheads Caretta caretta. Based on the growth pattern of scute (Alibardi 2005) , it was believed this area would retain the oldest scute tissue.
Our study determined the best site to sample scute to reveal the longest history of individual turtles. First, we measured scute thickness throughout the carapace of green and loggerhead turtles. Second, we assessed whether the thickest part of the scute retained the longest history, or whether differential thickness resulted from differential scute deposition rates in different regions of the scute.
MATERIALS AND METHODS
We obtained carcasses of freshly dead turtles from the coasts of Florida, USA (23 green turtles and 1 loggerhead), and the Azores (2 green turtles and 3 loggerheads). We measured minimum curved carapace length (CCL) with flexible fiberglass tape measures to 0.1 cm. The size range was 25.0 to 76.7 cm for green turtles and 16.3 to 65.2 cm for loggerhead turtles (Table 1) .
We removed all central and lateral scutes from each turtle for a total of 13 scutes for each green turtle and 15 scutes for each loggerhead. After carefully removing all dermal tissue from the scutes with scalpels, we used an electronic digital micrometer (Starrett) with a resolution of 0.001 mm and an accuracy of ± 0.003 mm to measure thickness along transects for all central and lateral scutes (Fig. 1A ) and so to determine the thickest region in the carapace. The number of sites along transects varied depending on the length of the transect. We started measuring at the posterior edge of the scute and then every 1.2 cm (distance from one central measuring point to the next) until we reached the anterior margin.
Once the area of the carapace with the thickest scute was determined, we collected 2 core samples using sterile 6 mm biopsy punches. One sample was collected in the posterior margin where samples have traditionally been collected, and one in the thickest part of the scute.
Each biopsy sample was glued to a glass slide with the dorsal side (oldest tissue) facing up and then subsampled in 50 µm layers using a carbide end mill. Scute is subsampled in 50 µm layers because this depth provides the minimum amount required for stable isotope analysis. 
where R sample and R standard are the ratios of heavy to light isotopes ( C values using a Wilcoxon signed rank test in R for each of the species. We performed a 2-tailed paired t-test using the package lawstat in R to compare the thickness of the posterior margin and the central region for each species. We also ran a Pearson's product-moment correlation test using the package MASS in R to test if there was a positive correlation between the thickness of the scute (posterior margin or central region) and the CCL of the turtle for both species.
RESULTS
Scute thickness varied over the surface of the carapace. The thickest scute was in the central region, in the lower distal quadrant (Fig. 1B) of the second lateral scute in green turtles and of the third lateral scute in loggerheads. Because our goal was to compare the thickest area of the scute with that of the traditional sample site, measurements of other scutes are not reported here. Thicknesses of scutes in the (Table 1) were significantly different in green turtles (t = −8.0326, df = 24, p < 0.0001). In loggerheads, there was a nonsignificant trend for greater thickness in the central region (t = −1.0661, df = 3, p < 0.3646). A larger sample size is needed for a more robust comparison.
As expected, larger turtles had thicker scutes than smaller turtles. We found a positive correlation between CCL and the thickness of both the posterior margin (Pearson's r = 0.353, n = 25, p = 0.041) and the central region (Pearson's r = 0.610, n = 25, p = 0.0006) for green turtles (Fig. 2A) . In loggerheads, we found no correlation between CCL and thickness of the posterior margin (Pearson's r = 0.872, n = 4, p = 0.063) but a positive correlation between CCL and thickness of the central region (Pearson's r = 0.959, n = 4, p = 0.020). Results for loggerhead turtles should be interpreted with caution due to the small sample size (Fig. 2B) .
Patterns in each of the 2 scute regions analyzed were similar for carbon and nitrogen stable isotopes. Therefore, only the carbon values are shown (Figs. 3 & 4) .
The starting point of our subsampling may have been slightly offset due to uneven wear of the scute. When comparing the layers obtained from each region of the scute, stable isotope values of carbon were similar between the 2 sites for both green turtles (Wilcoxon's V = 2021.5, p = 0.4273; Fig. 3A ) and loggerhead turtles (Wilcoxon's V = 127, p = 0.05163; Fig. 3B ). Based on the isotopic values used by Reich et al. (2007) to differentiate between neritic and oceanic tissues in the scute samples, we observed 2 groups of green turtles, one in which turtles had δ Fig. 4A,B) . The central region and posterior margin of the scute had similar signatures in all layers that were present in both samples starting at the ventral surface of the scute (Fig. 4A,B) . However, there were substantial changes in the isotope values of δ Table 1 . The box is the interquartile range (second and third quartiles), the horizontal line within the box is the median, whiskers represent lower and upper fences of the first and fourth quartiles, and outliers are represented by the circles (Fig. 4B) and not in the posterior margin (Fig. 4A ) of the scute. At the beginning of the time series (further from the ventral surface), critical information on shifts from oceanic to neritic habitats was present in the thicker, central samples but had been lost from the posterior layers in several of the green turtles. Therefore, the central region was not only thicker, but also contained a longer history than the posterior sampling site, as evidenced by several green turtles that showed a habitat change in the central region of the scute but not in the posterior margin. In loggerhead turtles, there was only 1 group with iso tope values between −16 and −20‰ δ 13 C (Fig. 4C,D) . No substantial change was observed between the posterior margin and the central region, except for the turtle with the most layers in which an increase in δ 13 C was observed in the oldest layers (1150 to 1300 µm from the ventral surface; Fig. 4D ). For this turtle, we believe we did not collect a full-depth core in the posterior margin sample and lost the youngest layers.
DISCUSSION
We found that the central region holds a longer record of the history of green turtles and, perhaps, of loggerhead turtles than does the posterior margin of the scute. This longer history observed in green turtles indicates that the greater thickness in the central area of the scute is a result of longer retention of the scute, not a more rapid deposition rate of scute compared with the posterior margin. A more rapid deposition rate would have yielded more layers with the same isotope values in the central region. Apparently, surface scute tissue is sloughed more rapidly in the posterior margin area.
The difference between sampling sites could affect our interpretation of the history of the turtles, depending on the size of the turtle. In small turtles, i.e. those <15 cm CCL, the difference in thickness between the posterior margin and central region of the scute might be minimal, and the isotope values of each layer should be similar. However, in larger tur- tles, > 25 cm CCL, a sample collected in the posterior margin will yield a shorter record of the life of the turtle, limiting conclusions. Although it is usually not possible to obtain the complete history of a turtle from the scute, more of the tissue layers are preserved in the central region and thus allow us to decipher more of the turtle's history compared to the posterior margin. Detailed studies of scute growth and loss in different species and size classes are needed because of the increased use of scute in studies of sea turtle natural history with direct implications for conservation. More studies are also needed on the rate of scute deposition, so that we can become more confident in estimates of the length of time reflected in a 50 µm sample. Current estimates rely on rates of isotopic incorporation and turnover rates (Vander Zanden et al. 2010 . Moreover, almost all turtles in this study came from Florida, and it is possible that turtles elsewhere may show a different pattern of scute growth caused by factors such as the availability and type of resources, and temperature (Limpus & Chaloupka 1997 , Bjorndal et al. 2003 , Roark et al. 2009 ). Turtles from other regions in the Atlantic and other parts of the world should be studied to confirm whether the pattern we observed in the scute of green turtles in the North Atlantic applies to other regions. 
